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1. Molecular-scale hypotheses and concepts about 
elementary steps, active sites, kinetics,…
2. Modeling to evaluate hypotheses
3. Kinetic model or improved catalyst (activity, stability)
4. Macro-scale experimental validation (intrinsic kinetics)
“Playing”
“Insight”
“Validate”
Case Study 1: Catalyst Structure and Reaction Mechanism during Fischer 
Tropsch Synthesis
Case Study 2: Tuning Activity via Defect Engineering
Defect Engineering controls the free electron concentration in TiO2 support and tunes Charge Transfer to metal particles.
Increased charge in metal particles, decreases Adsorption Energy of key intermediates and controls the Activity.
Combination of molecular modeling and experimental validation provides unique insights into catalyst activity, selectivity, 
and mechanism. Links molecular-level understanding and chemical bonding concepts to the industrial scale.
Industrial FTS process converts natural gas, coal, biomass and potentially CO2 to clean liquid fuels.
Catalyst surface undergoes massive surface reconstruction during FTS conditions and forms ∆ nano-islands.
Paradigm shift in mechanistic understanding of FTS. Insights into selectivity and design of next generation FTS catalysts. 
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Overall reaction: 
CO + 2H2  CnH2n + H2O
(Alkanes, Alkenes,..)
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